Comparisons of a species' modern and historic geographic distributions can yield important insights into patterns of biodiversity, including faunal responses to environmental change. Using morphological and genetic analyses of museum specimens and samples recently collected in the field, we document the historical occurrence of a population of colonial tuco-tucos (Ctenomys sociabilis) from Laguna Nahuelquir in Chubut Province, Argentina. This locality represents a significant increase in the geographic distribution of this species, which had been thought to be endemic to the Sierra de Cuyín Manzano located ~130 km to the north in Neuquén Province. Field surveys of the Laguna Nahuelquir locality failed to reveal extant populations of C. sociabilis; although the habitat at this location is generally consistent with areas occupied by C. sociabilis in the Cuyín Manzano, the Laguna Nahuelquir site is now occupied by the Patagonian tuco-tuco, C. haigi. This apparent replacement of ctenomyid species is consistent with patterns of faunal turnover revealed by analyses of late Pleistocene-early Holocene cave deposits near the Sierra de Cuyín Manzano and supports the hypothesis that changes in local environmental conditions have contributed to the loss of C. sociabilis from these localities. Thus, comparisons of historical and modern specimens of ctenomyids provide evidence of range retractions by colonial tuco-tucos over multiple time scales and add to a growing body of evidence regarding the apparent effects of environmental change on the small mammal fauna of northern Patagonia.
JOURNAL OF MAMMALOGY
Comparisons of a species' modern and historic geographic ranges can yield important insights into multiple aspects of its biology, including patterns of genetic structure and response to environmental change. For example, range contractions followed by demographic bottlenecks may substantially reduce genetic variation within a species' current geographic distribution (Nyström et al. 2006; Rubidge et al. 2012) . Further, temporal reductions in distribution may reveal important changes in environmental conditions, particularly for ecologically specialized species with narrow fundamental niches (Smith et al. 2014; Rowe et al. 2015) . Comparisons of modern and historical ranges should be especially informative for taxa with restricted geographic distributions since changes in the ranges of these species may be particularly likely to impact genetic structure and conservation status.
The colonial tuco-tuco (Ctenomys sociabilis) is a subterranean rodent (family Ctenomyidae) that occurs in mesic patches of habitat in the eastern foothills of the Andes mountains in Argentina (Lacey and Wieczorek 2003; Tammone et al. 2012 ). This species has been the subject of extensive field research due to its unusual social structure; although more than 60 species of Ctenomys are currently recognized (Woods and Kilpatrick 2005; Bidau 2015) , the colonial tuco-tuco is the only species that has been demonstrated to be group living, with multiple adults routinely sharing the same burrow system and nest site (Lacey et al. 1997; Izquierdo and Lacey 2008) . In their original description of the species, Pearson and Christie (1985) suggested that C. sociabilis is restricted to the Cuyín Manzano, an approximately 1,500-km 2 portion of Nahuel Huapi National Park in southeastern Neuquén Province, Argentina. Subsequent field surveys of this region have supported this assertion and it has become an accepted part of the biology of this species that it is endemic to the Sierra Cuyín Manzano (Pearson 1995; Tammone et al. 2012) .
Recent anecdotal information has challenged this understanding of the geographic distribution of the colonial tuco-tuco. Specifically, a number of specimens collected near Cushamen, Chubut Province, Argentina, in the 1970s were identified in 2007 by M. A. Mares as C. sociabilis (M. A. Mares, University of Oklahoma, pers. comm.), suggesting a substantial increase in the known range of this species. Collected by C. Kovacs, subsets of these specimens were deposited in the Museo Argentino de Ciencias Naturales "Bernardino Rivadavia" (MACN) in Buenos Aires, Argentina and in the Museum de Histoire Naturelle (MHNG) in Geneva, Switzerland. Although no field notes were included with these materials, Kovacs described the animals as living in an extensive area of closely spaced burrow entrances and reported that when visible at the surface, individuals emitted a bird-like vocalization. Kovacs also indicated that he captured the animals during daylight hours, when they emerged from their burrows to feed. These observations are consistent with several distinctive aspects of the natural history of C. sociabilis (Pearson and Christie 1985; Lacey et al. 1997) , thereby adding support to the supposition that the Cushamen animals were members of this species.
Given the unusual social structure of C. sociabilis and the importance of its reportedly limited geographic distribution to our current understanding of the biology of this species (Lacey and Wieczorek 2003, 2004; Chan et al. 2005) , we examined the taxonomic identity of the Cushamen specimens in greater detail using a combination of morphological and genetic analyses. In addition, we conducted field surveys of the area in which these individuals had been collected in an effort to locate extant populations of these animals. Here, we report the results of these analyses, which reveal an apparent change in the ctenomyid species present in the Cushamen area during the past 40 years. In addition to confirming the taxonomic identity of the Kovacs specimens, our data generate important new insights into the biology of C. sociabilis, the role of environmental conditions in shaping the geographic distribution of this species, and, more generally, the evolution of ctenomyid diversity in northern Patagonia.
Material and Methods
Study area.-The type locality (40°58′S, 71°11′W) for the colonial tuco-tuco (C. sociabilis) is Estancia Fortín Chacabuco (Pearson and Christie 1985) , which is located in Parque Nacional Nahuel Huapi, Neuquén Province, Argentina (Fig. 1A) . Following the original description of this species, more than 130 localities have been identified at which C. sociabilis currently occurs (Tammone et al. 2012) . These localities are restricted to an ~700-km 2 region of the eastern Sierra de Cuyín Manzano, which is bounded on all sides by significant geographic barriers (Fig. 1A) . The areas to the north, east, and south of the Cuyín Manzano are occupied by a different ctenomyid species, the Patagonian tuco-tuco (C. haigi), which is considerably more widespread in southern Argentina (Pearson and Christie 1985; Bidau 2015) . In marked contrast to C. sociabilis, C. haigi is solitary, with each burrow system inhabited by only a single adult (Lacey et al. 1998) .
Specimen tags for the Kovacs animals collected in Chubut Province list the specific localities for these individuals only as "near Cushamen." In a conversation with 2 of the authors (MNT, EAL) during December 2009, Kovacs indicated that the animals had been obtained from around the edges of Laguna Nahuelquir (42°08′S, 71°00′W) on Estancia El Maitén (Figs. 1B and 1C ). This locality is ~130 km south of the type locality for C. sociabilis but only ~16 km east of the type locality (42°01′S, 71°10′W) for C. haigi at El Maitén (Thomas 1919) . As a result, it seemed likely that C. haigi was also present in the general area in which the Nahuelquir specimens were collected. Accordingly, we emphasized comparative analyses of C. sociabilis and C. haigi during our efforts to identify the Nahuelquir animals collected by Kovacs.
Morphological identification of museum specimens.-To identify morphological traits that could reliably be used to distinguish between C. sociabilis and C. haigi, we examined exemplars of each species housed in the Colección de Mamíferos (CNP) at the Centro Nacional Patagónico (CENPAT, Puerto Madryn, Argentina) and in the Museum of Vertebrate Zoology (MVZ) at the University of California, Berkeley; the specific individuals examined are listed in Supplementary Data SD3.
Skins from these animals were examined for differences in pelage color and texture. Crania were photographed in lateral (left and right sides) and ventral views to allow inspection of morphological features. In addition, the labial sides of each mandible were photographed in lateral view. The same procedures were used to examine 14 specimens collected by Kovacs from the Laguna Nahuelquir locality that are housed in MACN and the MHNG as well as 1 specimen of C. haigi from Bariloche ( Fig. 1A ) also collected by Kovacs and housed in MHNG; these specimens are listed in Supplementary Data SD3.
Genetic identification of museum specimens.-Studies of ctenomyid rodents have emphasized sequence data from the mitochondrial cytochrome b (Cytb) locus for both phylogenetic (e.g., Lessa and Cook 1998; D'Elía et al. 1999; Mascheretti et al. 2000; Parada et al. 2011 ) and population genetic analyses (e.g., Giménez et al. 2002; Wlasiuk et al. 2003; Goncalves and de Freitas 2009; Fasanella et al. 2013) . As a result, multiple reference sequences for this locus were available in GenBank, including sequences from C. sociabilis (HM777495, EU035177) and C. haigi (HM777476, AF007063, AF422020). Comparisons of these sequences indicate that Cytb haplotypes for C. sociabilis and C. haigi differ markedly, with an uncorrected sequence divergence of 11.5% between these species. As a result, genetic assignment of the Laguna Nahuelquir animals to one or the other of these species was expected to be relatively unambiguous.
DNA extraction, amplification, and sequencing.-To generate sequence data for the entire (1,140 bp) Cytb locus for the Laguna Nahuelquir animals, tissue samples were obtained from museum specimens housed in MACN (n = 3) and MHNG (n = 11) by cutting a small (~2 × 2 mm 2 ) section of skin from 1 hind foot pad of each individual (Supplementary Data SD3). The same procedure was used for the specimen of C. haigi (n = 1) collected by C. Kovacs near Bariloche and housed in MHNG (Supplementary Data SD3) .
For the MACN samples, genomic DNA was extracted and PCR master mixes were prepared in a room dedicated for use with low-concentration (e.g., historical) DNA samples. DNA extraction and PCR master mix preparation for the MHNG samples were done in standard facilities in the Museum of Vertebrate Zoology's Evolutionary Genetics Laboratory. All extractions were performed using the DNeasy Blood and Tissue kit (Qiagen, Valencia, California) . For the MACN samples, elution of genomic DNA was performed using MinElute silica columns (Qiagen, Valencia, California) following the protocol of Mullen and Hoekstra (2008) ; for the MHNG samples, the standard Qiagen protocol was followed, with the addition of 2 times the recommended amount of Proteinase K.
PCR amplification of the Cytb locus was conducted using multiple primer pairs, including several primer sets that were designed as part of this study specifically for use with short DNA fragments (Supplementary Data SD1). The per-sample master mix was composed of 15.0 µl of ddH 2 O, 0.5 µl of BSA (25 nM), 2.5 µl of GeneAmp 10× PCR buffer, 1.5 µl of MgCl 2 (25 mM), 1.5 µl of dNTP (2.5 mM each), 0.5 µl of each primer, 0.2 µl Taq polymerase (New England BioLabs, Ipswich, Massachusetts)-for MACN samples AmpliTaq Gold (Applied Biosystems, Foster City, California)-to which 3.0 µl of DNA in the Sierra Cuyín Manzano is indicated in dark gray; the type locality for this species is indicated with a black square. To the south, the location of the putative population of C. sociabilis at Laguna Nahuelquir is indicated with a black dot; the area around the Laguna that was surveyed is indicated in light gray. B) The surveyed area is shown in greater detail. Locations at which active burrows were recorded are indicated with white markers; burrows at which animals were captured are indicated with black dots. C) The habitat around Laguna Nahuelquir is shown.
template was added to generate a total volume of 25.0 µl per reaction. The thermocycling conditions used consisted of an initial denaturation at 95°C for 10 min, followed by 30 cycles of denaturation at 95°C for 0.5 min, annealing temperature for 0.5 min (initial T a = 50°C with a 0.5°C decrease per cycle to 45°C), and extension at 72°C for 1 min; this was followed by a final extension at 72°C for 5 min.
Amplification products were visualized via electrophoresis on 1% agarose gels (1× TBE) followed by staining with ethidium bromide. PCR products of the appropriate size were purified with 1.5 µl of ExoSAP-IT (USB Corporation, Cleveland, Ohio), diluted 1:4 with H 2 O, and incubated at 37°C for 30 min followed by denaturation at 80°C for 15 min. Amplification products were then cycle sequenced using a BigDye Terminator v3.1 kit (Applied Biosystems, Foster City, California). Per-sample cycle sequencing reactions consisted of 1.75 µl of 5× BigDye buffer, 0.3 µl of sequencing primer, 0.5 µl of BigDye solution, and 6.45 µl of H 2 O, for a final reaction volume of 9 µl, to which 1 µl of purified DNA template was added. Thermocycling was conducted following the manufacturer's instructions, after which reaction products were cleaned with Sephadex columns and run on an ABI 3730 automated sequencer (Applied Biosystems). All PCRs and subsequent lab procedures were completed in the Evolutionary Genetics Laboratory.
Sequence analyses.-The resulting Cytb sequences were aligned and edited using Sequencher (version 3.1.1, Gene Code Corporation, Ann Arbor, Michigan). Sequences from museum specimens were compared to Ctenomys sequences in GenBank using BLAST (Altschul et al. 1997; Johnson et al. 2008) . Percent sequence divergence, haplotype diversity (h), and nucleotide diversity (π) were calculated using DnaSP 5.00 (Libardo and Rozas 2009) . To place sequence data in a phylogenetic context, we constructed a neighbor-joining tree using PAUP* 4.0 (Swofford 2003) . At the same time, we performed maximum likelihood as well as Bayesian inference analyses (Supplementary Data SD2) . In addition to the data generated by this study and data available in GenBank for C. sociabilis and C. haigi, this analysis included Cytb sequences from Ctenomys currently occurring at Laguna Nahuelquir (see below) and 6 other ctenomyids with Patagonian-Fuegian distributions (Supplementary Data SD4): C. coyhaiquensis (AF119112 and AF119113), C. colburni (HM777474), C. fodax (HM777475), C. magellanicus (AF370690, DQ333326, DQ333327, and HM777479), C. maulinus (AF370702 and AF370703), and C. sericeus (HM777496). Sequences obtained from Genbank for Octodon degus (AF007058) and Spalacopus cyanus (AF007061) were used as outgroups.
Analyses of extant Laguna Nahuelquir ctenomyids.-To identify species of tuco-tucos currently occurring at Laguna Nahuelquir, we visited this site during December 2009, December 2013, and November 2014. During each visit, we completed extensive surveys of a ~400-ha area that included the original Kovacs collecting locality and surrounding habitat (Fig. 1B ). Surveys were conducted by systematically walking through this area and recording the locations of all currently occupied tuco-tuco burrows using a Garmin Etrex GPS unit (WGS 84, 5-6 m accuracy). C. sociabilis and C. haigi display a number of distinctive features that allow reliable identification of these species in the field. Specifically, burrow systems of C. sociabilis tend to be characterized by larger clusters of active burrow entrances that are typically left open; in contrast, burrow systems of C. haigi generally contain only a few recently used burrow entrances that are plugged with soil when animals are not at the surface foraging (Pearson and Christie 1985; Tammone et al. 2012 ). In addition, while C. sociabilis emits a distinctive, bird-like call that is produced when individuals are above ground, vocalizations by C. haigi consist of the more typical "tuc-a-tuc" sound that is generated when animals are below ground (Pearson and Christie 1985) . As a result, populations of these species can reliably be identified in the field.
To confirm field identifications for tuco-tucos currently occurring at Laguna Nahuelquir, we livetrapped 6 individuals at this site. Animals were captured using tube traps composed of PVC pipe following the protocol of Lacey et al. (1998) . Upon capture, individuals were weighed and their sex and reproductive status (females: pregnant, lactating, or nonreproductive) determined. A nondestructive tissue sample was collected from each individual (labeled as "SM01-06") by removing the distal 2 mm of the outer digit of the right hind foot (Lacey 2001; Cutrera et al. 2005) after which the animals were released in to their burrow; tissue samples were preserved in EDTA-DMSO 4 buffer at ambient temperature until analysis. For each of these samples, DNA extraction, PCR amplification of Cytb, and sequencing of this locus (1,140 bp) were performed as described above for the MHNG specimens; analyses of tissue samples from extant animals were not completed concurrently with analyses of museum specimens to reduce the possibility of sequence contamination.
To provide a voucher specimen for the current population of tuco-tucos at the Laguna Nahuelquir site, one of the individuals captured was euthanized via overdose with Isoflurane, after which the animal was prepared as a museum specimen (CNP 2353). All field methods were approved by the Animal Care and Use Committee at the University of California, Berkeley, and followed the guidelines of the American Society of Mammalogists (Sikes et al. 2011) for the use of mammals in research.
Comparisons of habitats.-To determine if potential differences in the identities of the ctenomyid species at Nahuelquir and the Cuyin Manzano were associated with habitat differences between these localities, we characterized several aspects of the habitat at Laguna Nahuelquir and then compared these data to comparable measures taken by Tammone et al. (2012) at localities at which C. sociabilis occurs in the Sierra de Cuyín Manzano. Previous analyses in the Cuyin Manzano (Lacey and Wieczorek 2003; Tammone et al. 2012) have indicated that C. sociabilis tends to be associated with mesic habitat patches characterized by a distinctive suite of plant species; as a result, we focused our analyses on measures of precipitation and vegetation. Because C. sociabilis is a greater habitat specialist than C. haigi (Lacey and Wieczorek 2003) , we focused on comparing data from Laguna Nahuelquir to the range of environmental parameters recorded within the known geographic range of the former species. In particular, we emphasized habitat parameters for Estancia Rincón Grande (40°56′S, 71°03′W, WGS 84), which is the site of long-term studies of the behavior and ecology of C. sociabilis (Lacey et al. 1997; Lacey and Wieczorek 2004) .
Data on total annual precipitation in the Laguna Nahuelquir region from 2006 to 2015 (years for which such data were available) were obtained from the Instituto Nacional de Tecnología Agropecuaria EEA Esquel at http://www.inta.gob.ar/documentos/datos-meteorologicos-de-el-maiten; these data were recorded at El Maitén, Argentina (42°04′S, 71°16′W, WGS 84), which is located ~10 km northwest of the Laguna Nahuelquir site. Precipitation data for the Cuyín Manzano during the same years were obtained from http://www.tutiempo.net/clima; these values were recorded at the Aeropuerto Internacional in San Carlos de Bariloche (41°08′S, 71°09′W, WGS 84), which is located ~15 km to the southeast of the type locality for C. sociabilis. Data on the elevations at which animals occurred at Laguna Nahuelquir were obtained directly in the field at active burrows and were compared to elevations reported by Tammone et al. (2012) for localities occupied by C. sociabilis in the Cuyín Manzano.
To characterize the vegetation at the Laguna Nahuelquir site, we surveyed the flora surrounding burrow systems in which tuco-tucos were captured or for which evidence of current occupation (e.g., mounds of freshly excavated soil) was detected. Vegetation surveys followed the methods of Tammone et al. (2012) and recorded both the identities and the estimated percent cover of the predominant plant species at each sampling point. These data were then compared to vegetation surveys of areas occupied by C. sociabilis in the Cuyín Manzano (Tammone et al. 2012 ) using nonparametric multivariate analyses of similarity (ANOSIM-Clarke 1993). These analyses generate a global R statistic that provides a quantitative measure of the difference between data sets; R-values approaching 1 indicate that the data sets are strongly differentiated. The significance of the R-value generated here was determined by performing 10,000 permutations of the data sets between pairs of sampling sites from the 2 localities. Nonmetric multidimensional scaling (NMDS) was used to visually depict differences between these sites (Clarke and Warmick 1994) . Both analyzes were based on the Bray-Curtis similarity index and were conducted in the computer package PAST 3.01 (Hammer et al. 2001) .
Throughout the text, means are reported ± 1 SD. Unless otherwise indicated, α = 0.05. When the same statistical test was used multiple times, α was adjusted using the Bonferroni correction procedure (Rice 1989).
results
Our field surveys of the area around Laguna Nahuelquir revealed numerous burrow systems occupied by tuco-tucos (Fig. 1B) . The configuration of these burrows, in particular the occurrence of just a few burrow entrances per system, the majority of which were plugged with recently excavated soil, was more consistent with the presence of C. haigi than C. sociabilis. At no time during our field surveys did we hear vocalizations resembling those of C. sociabilis; in contrast, vocalizations consistent with those produced by C. haigi were heard during each field trip and at locations throughout the survey area. Thus, while field surveys confirmed the presence of tuco-tucos at the Laguna Nahuelquir site, our observations suggested that these animals were not C. sociabilis.
Morphological identification of Laguna Nahuelquir specimens.-Comparisons of museum specimens of C. sociabilis and C. haigi from the Cuyín Manzano and surrounding areas (Supplementary Data SD3) revealed that the following 4 cranial characters could reliably be used to distinguish between these species (see also Tammone 2016): 1) shape and degree of ventral inflation of the auditory bulla ( Figs. 2A  and 2B ), 2) shape of the suture between the jugal and maxilla ( Fig. 2A), 3 ) width of the anterior end of the basiocciptal (Fig. 2B) , and 4) width and degree of curvature of the coronoid process (Fig. 2C) . Further, while the pelage of C. haigi is grayish and shiny in texture, the pelage of C. sociabilis is more reddish and fluffy in texture. Comparisons of reference individuals of C. sociabilis and C. haigi housed in CNP and MVZ (Supplementary Data SD3) with the specimen collected at Laguna Nahuelquir (CNP 2353) during this study identified the latter as C. haigi. In contrast, comparisons of these reference individuals with the Laguna Nahuelquir specimens housed in MACN and MHNG (Supplementary Data SD3) identified all of the animals collected by Kovacs as C. sociabilis, thereby confirming the taxonomic identification provided by M. Mares. Thus, based on both cranial morphology and pelage characteristics, the animals collected during the 1970s are not the same species as the animals present at Laguna Nahuelquir today.
Genetic analyses of Laguna Nahuelquir specimens.-Complete 1,140-bp Cytb sequences were obtained from the 6 tissue samples collected during this study, the 3 Laguna Nahuelquir specimens from MACN, the 11 Laguna Nahuelquir specimens from MHNG, and the 1 Bariloche specimen of C. haigi from MHNG (Supplementary Data SD3). Comparisons of these sequences with the reference sequences for C. sociabilis and C. haigi obtained from GenBank indicated that the 6 tissue samples collected during this study plus the Bariloche specimen from MHNG were consistent with C. haigi; in contrast, the 14 Laguna Nahuelquir sequences from the MACN and MHNG animals were consistent with C. sociabilis (Table 1) , although the haplotype for the Laguna Nahuelquir specimens (h = 0.000, π = 0.000, n = 14; haplotype accession number KU659601) was distinct from that for C. sociabilis in the Cuyin Manzano. The mean number of nucleotide differences between the Nahuelquir haplotype and the 2 recognized haplotypes for C. sociabilis was 8.5 bp across the entire locus. A neighbor-joining tree constructed from these sequences revealed that the single haplotype present in the Kovacs specimens (MACN and MHNG) clustered with the reference sequence from C. sociabilis (Fig. 3) . In contrast, all haplotypes (n = 6) obtained from the animals sampled during this study (haplotypes accession numbers KU659602-KU649607) clustered with the reference haplotypes for C. haigi (Fig. 3) . The same tree topology was obtained with both the maximum likelihood and Bayesian inference analyses (Supplementary Data SD2). Interestingly, these phylogenetic analyses revealed C. haigi to be paraphyletic, with the haplotype from a topotype specimen (HM777476; El Maiten, 42°03′S, 71°10′W Chubut, ArgentinaParada et al. 2011) falling outside the clade containing all other haplotypes attributed to this species, including the sequence from the Bariloche specimen from MHNG (haplotype accession number KU659608; Fig. 3 ; Supplementary Data SD2).
Our genetic analyses revealed striking apparent interspecific differences in the variability of haplotypes assigned to C. haigi versus those assigned to C. sociabilis. All of the Kovacs specimens sequenced (n = 14) were characterized by a single Cytb haplotype that differed by < 1% from reference haplotypes for C. sociabilis from the Cuyín Manzano (Table 1) . In contrast, 6 haplotypes were recovered from the C. haigi (n = 6) captured at the Laguna Nahuelquir locality during this study; these haplotypes differed from reference haplotypes for C. haigi from the Cuyín Manzano region by ~3% ( Table 1 ). Assuming that our trapping efforts covered roughly the same area as the specimens collected by Kovacs, these data suggest that haplotype variability in C. haigi is considerably greater at both the scale of the Laguna Nahuelquir locality and the regional scale ranging from Laguna Nahuelquir to the Sierra de Cuyín Manzano (Fig. 1) .
Comparisons of habitat parameters.-The mean elevation at which occupied burrow systems were detected at Laguna Nahuelquir (844.7 ± 25.3 m, n = 24 burrows) was significantly different from the mean elevations at either Rincón Grande (793.0 ± 39.0 m, n = 147 burrows) or the remainder of the Cuyín Manzano (1,411.5 ± 161.0 m, n = 218 burrows; KruskalWallis test: H = 293.57, P < 0.0001; Dunn post hoc analyses: Nahuelquir versus Rincón Grande P = 0.027; Nahuelquir versus Cuyín Manzano P < 0.0001) but was well within the range of elevations for burrow systems inhabited by C. sociabilis throughout the Cuyín Manzano (747-1,813 m- Tammone et al. 2012) . During 2006-2015 (the only years for which data were available for both localities), mean total annual precipitation in the vicinity of Laguna Nahuelquir (647.7 ± 128.3 mm) was significantly less than that for the Cuyín Manzano (843.8 ± 201.1 mm; Wilcoxon signed-rank test: Z = 2.80, n = 10, 2-tailed P = 0.005). The habitat at Laguna Nahuelquir was dominated by annual grasses (Poa spp.), sedges (Carex spp.), reeds (Juncos spp.), and herbaceous shrubs (Senecio); this combination of plant taxa is characteristic of mesic habitat patches known locally in Patagonia as mallines (Boelcke 1957; Ezcurra and Brion 2005) . Mean percent cover by herbs and grasses (including sedges and reeds) in areas at Laguna Nahuelquir containing active burrows was greater than for the Cuyín Manzano as a whole but did not differ from mean percent cover by herbs and grasses at Rincón Grande (Kruskal-Wallis tests, herbs: H = 8.36, P = 0.015; Dunn post hoc analyses: Nahuelquir versus Cuyín Manzano P = 0.02, Nahuelquir versus Rincón Grande P > 0.05; grasses: H = 24.42, P < 0.0001; Dunn post hoc analyses: Nahuelquir versus Cuyín Manzano P < 0.001, Nahuelquir versus Rincón Grande P > 0.05). Mean percent cover by shrubs and bare soil did not differ between Laguna Nahuelquir and either the Cuyín Manzano or Rincón Grande (Kruskal-Wallis test, shrubs: H = 10.32, P = 0.006; Dunn post hoc analyses: Nahuelquir versus Cuyín Manzano P > 0.05, Nahuelquir versus Rincón Grande P > 0.05; bare soil: H = 9.26, P > 0.05; Dunn post hoc analyses: All comparisons P > 0.05). Analysis of similarity (ANOSIM) revealed that the plant species composition at Laguna Nahuelquir in areas containing active burrows overlapped significantly with plant species composition at both Rincón Grande and other areas within the Cuyín Manzano (post hoc pairwise comparisons: R = 0.387, P = 0.003; R = 0.414, P = 0.004, respectively; Fig. 4) . Thus, overall, vegetation at the Laguna Nahuelquir site did not differ markedly from areas occupied by C. sociabilis in the Sierra de Cuyín Manzano.
discussion
Both morphological and genetic analyses indicate that the ctenomyid specimens collected at Laguna Nahuelquir during the 1970s are C. sociabilis. This represents a significant extension of the geographic distribution of this species, which had previously been thought to be limited to the Sierra de Cuyín Manzano in Neuquén Province, an area located ~130 km north of Laguna Nahuelquir. Samples collected at the Laguna Nahuelquir locality during this study, however, indicate that the site is currently occupied by C. haigi. Collectively, these findings suggest that although C. sociabilis was historically present at Laguna Nahuelquir, this species has apparently undergone a local extinction during the past 40 years.
Clearly, this conclusion depends upon the accuracy of the collection localities for the MACN and MHNG specimens. The specimen tags for these individuals list this locality only as "near Cushamen" in Chubut Province. Despite the generality of this description, placing these specimens in Chubut Province represents a significant increase in the known geographic distribution of C. sociabilis. More specific locality information was obtained from conversations with the collector of the specimens, C. Kovacs, who clearly identified Laguna Nahuelquir as the specific collecting locality. Further, analyses of owl pellets and loose bones found in 2006 in a roost located 12 km west of Laguna Nahuelquir revealed the presence of 2 mandibles identified morphologically as C. sociabilis (M. N. Tammone, pers. obs.); bone coloration and the presence of these materials on the soil surface suggest the presence of this species in this region during the recent past. In sum, despite the generality of (Felsenstein 1985) . The black horizontal bar denotes specimens determined to be Ctenomys haigi; the gray horizontal bar denotes specimens determined to be C. sociabilis. The haplotype for the Nahuelquir specimens collected by C. Kovacs is indicated in bold. Although 14 museum skins from Laguna Nahuelquir were sequenced, all were characterized by the same haplotype and thus only 1 sequence is shown for these animals. Reference sequences for C. haigi and C. sociabilis are indicated with a star next to the taxon name.
the locality data associated with the MACN and MHNG specimens, our conclusions regarding the historical distribution of C. sociabilis and the recent change in the ctenomyid species present at Laguna Nahuelquir appear to be robust.
Patterns of genetic variability.-One unexpected outcome of this study was the discovery that the single Cytb haplotype recovered from C. sociabilis at Laguna Nahuelquir differs from the haplotypes in extant populations of this species in the Cuyín Manzano by only 9 bp transitions (0.75% sequence divergence). Modern populations of C. sociabilis in the Cuyín Manzano are characterized by a striking lack of genetic diversity, with the Cytb locus limited to effectively only 2 haplotypes (0.09% sequence divergence) throughout this region (Chan et al. 2005) . This lack of diversity appears to have resulted from a pronounced historical loss of genetic variation (Chan et al. 2005; Tammone 2016 ) coupled with a demographic structure that includes limited dispersal and gene flow (Lacey and Wieczorek 2004) . While the lack of Cytb variation among the Laguna Nahuelquir animals is consistent with this pattern, the finding that all populations-including the one at Laguna Nahuelquir-are fixed for very closely related Cytb haplotypes is somewhat more surprising given the geographic distance and apparent potential for localized genetic drift at this locality versus the Sierra de Cuyín Manzano.
Temporal changes in ctenomyid distributions.-Possible explanations for the apparent shift from C. sociabilis to C. haigi at Laguna Nahuelquir include competitive exclusion and habitat changes that have rendered this locality unsuitable for C. sociabilis. Sympatry among ctenomyid species is rare, with the pronounced tendency toward allopatry typically attributed to competition for the subterranean niche (Reig et al. 1990; Lacey et al. 2000) . Comparisons of the habitats occupied by C. sociabilis and C. haigi (Lacey and Wieczorek 2003) suggest that the former is more ecologically specialized, leading to the prediction that C. haigi should be competitively superior (e.g., Vassallo 1993; Kubiak et al. 2015) . In the Cuyín Manzano, however, populations of these species are separated by significant physical barriers-rivers and lakes-that prevent direct contact between these taxa. As a result, the relative competitive abilities of these species have not been assessed nor is it known how they would respond if they co-occurred in the habitat.
The greater ecological specialization of C. sociabilis also suggests that this species may be more sensitive to changes in environmental conditions (Lacey and Wieczorek 2003; Tammone 2016) . Although our analyses indicate that the vegetation at Laguna Nahuelquir did not differ dramatically from that in areas occupied by C. sociabilis in the Cuyín Manzano, the 2 regions differ significantly with respect to rainfall. The mallin habitats in which C. sociabilis tends to occur are part of the precordilleran ecotone, a highly dynamic Patagonian environment at the interface between arid, steppe grasslands, and more mesic Nothofagus forests (Cabrera and Willink 1980; Ezcurra and Brion 2005) . As a result, even relatively minor shifts in precipitation may have substantial impacts on the habitat conditions at a specific locality (Kitzberger 2012) . Historical rainfall records for the Cushamen region are sparse and thus direct assessment of changes in environmental parameters over the past 40 years is not possible. However, due to the drier conditions in the vicinity of Laguna Nahuelquier (relative to the Cuyín Manzano), it is possible that the general pattern of change in Patagonia over the last 20,000 years to warmer and drier conditions (Aravena and Luckman 2009 ) has more substantially impacted this area. The Laguna Nahuelquir region has also been subject to potentially important changes in land use; grazing in Patagonia by domestic herbivores peaked during the 1950s to 1970s and this agricultural use, coupled with a 50-year trend toward decreasing annual precipitation (Paruelo et al. 1998; Castañeda and Gonzáles 2008) , may have resulted in reduced mesic mallin-like vegetation and increased shrub, steppe, or semidesert habitat (Perelman et al. 1997; Cibils and Borrelli 2005; Verón and Paruelo 2010) . Such changes may have reduced the availability of habitats suitable for C. sociabilis, leading to local loss of this species and facilitating the spread of the less ecologically specialized C. haigi.
The pattern of species turnover detected at Laguna Nahuelquir parallels that reported for cave deposits in Neuquén and Río Negro Provinces dating to the Paleocene-Holocene boundary. Genetic identification of ctenomyid remains from Cueva Traful (Chan et al. 2005; Chan and Hadly 2011) and Cueva del Caballo (Tammone 2016) indicate that at both localities there was a reduction in the abundance of C. sociabilis and roughly concordant increase in the abundance of C. haigi. Although the timing of this transition substantially predates the change in species identification reported here for Laguna Nahuelquir, these Shown is the nonmetric multidimensional scaling (NMDS) ordination (based on the Bray-Curtis dissimilarity index) used to examine differences in plant species composition among study sites. Analyses are based on the percent cover by plant species (n = 32) at burrow systems occupied by Ctenomys haigi at Laguna Nahuelquir, by C. sociabilis at Rincón Grande, and by C. sociabilis at other sites in the Cuyín Manzano. The stress value denotes the fit between the data matrix and the 2-dimensional plane; a high stress value (> 0.3) indicates a poor fit and suggests that the NMDS representation distorts the underlying data. Data for Rincón Grande and the remainder of the Cuyín Manzano are from Tammone et al. (2012) . studies demonstrate a consistent pattern in which C. sociabilis is replaced by C. haigi. Analyses of paleoclimatic records for the area surrounding these cave deposits suggest that changes in local habitat conditions combined with the natural history of these taxa provide the most likely explanation for the turnover of ctenomyid species at these localities (Tammone 2016) .
More generally, extinctions of ctenomyid species appear to have occurred at multiple localities in Patagonia during the Holocene. For example, although Hatcher (1903) reported extensive populations of C. magellanicus (originally described as C. robustus by Allen in 1903; later changed to C. osgoodi by the same author in 1905) in the Patagonian precordillera of Santa Cruz Province, recent surveys of this area failed to detect any populations of large ctenomyids (Pardiñas 2013) . Similarly, although a large-bodied form identified as C. emilianus was reported from sand dune habitat near Chos Malal in Neuquén Province (Thomas and Saint Leger 1926) , neither trapping surveys nor analyses of owl pellets completed over the past decade (Tiranti 1996; Chebez et al. 2014 ) have revealed evidence of these animals. At least some members of the sister family Octodontidae (e.g., Tympanoctomys kirchnerorum) have also experienced significant reductions in geographic distribution during the late Holocene (Udrizar Sauthier et al. 2009; Teta et al. 2014) . The reasons for these distributional changes and the general reduction in caviomorph diversity in the southern cone (see also Simonetti 1994) remain largely unknown and require further study.
This study documents the recent extinction of a population of C. sociabilis from Laguna Nahuelquir in northwestern Chubut Province, Argentina. This represents the first evidence of this species outside of the Sierra de Cuyín Manzano, a change in geographic distribution that substantially alters our previous understanding of the biogeographic history of this species as endemic to the Cuyín Manzano. The absence of an extant population of C. sociabilis at Laguna Nahuelquir, coupled with the current occupation of this locality by C. haigi, is consistent with the pattern of species turnover documented for the Cuyín Manzano over deeper time scales and is most consistent with a scenario of environmental change that renders habitats unsuitable for the more ecologically specialized C. sociabilis. These findings underscore the importance of historical specimens for documenting changes in faunal diversity and for interpreting patterns of environmental change. In addition to enhancing our understanding of the evolutionary history of ctenomyids in northern Patagonia, this information should lead to improved conservation decisions regarding the vulnerable C. sociabilis. Due to our failure to find extant populations of C. sociabilis in the vicinity area of the Laguna Nahuelquir, however, the status of this species as currently endemic to the Sierra de Cuyín Mazano remains unchanged.
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